Background: Although autism spectrum disorders (ASDs) are generally considered lifelong disabilities, literature suggests that a minority of individuals with an ASD will lose the diagnosis. However, the existence of this phenomenon, as well as its frequency and interpretation, is still controversial: were they misdiagnosed initially, is this a rare event, did they lose the full diagnosis, but still suffer significant social and communication impairments or did they lose all symptoms of ASD and function socially within the normal range? Methods: The present study documents a group of these optimal outcome individuals (OO group, n = 34) by comparing their functioning on standardized measures to age, sex, and nonverbal IQ matched individuals with high-functioning autism (HFA group, n = 44) or typical development (TD group, n = 34). For this study, 'optimal outcome' requires losing all symptoms of ASD in addition to the diagnosis, and functioning within the nonautistic range of social interaction and communication. Domains explored include language, face recognition, socialization, communication, and autism symptoms. Results: Optimal outcome and TD groups' mean scores did not differ on socialization, communication, face recognition, or most language subscales, although three OO individuals showed below-average scores on face recognition. Early in their development, the OO group displayed milder symptoms than the HFA group in the social domain, but had equally severe difficulties with communication and repetitive behaviors. Conclusions: Although possible deficits in more subtle aspects of social interaction or cognition are not ruled out, the results substantiate the possibility of OO from autism spectrum disorders and demonstrate an overall level of functioning within normal limits for this group.
Introduction
Autism spectrum disorders (ASDs) are generally regarded as lifelong conditions, affecting communication, relationships, adaptive skills, academic and vocational attainment (Piven, Harper, Palmer, & Arndt, 1996) . While children with ASD exhibit outcomes that vary widely (Eaves & Ho, 2008) , moving off the autism spectrum into social and communicative function that is within normal limits is not generally considered a realistic goal, and, indeed, is not a common outcome (Billstedt, Gillberg, & Gillberg, 2005; Venter, Lord, & Schopler, 1992) .
The purpose of the current study was to document cognitive, language, and social functioning in a group of children diagnosed with an ASD at a young age, who no longer carried this diagnosis. This report is part of a larger study designed to better understand the phenomenon of 'optimal outcome' (OO) in ASD, to explore possible persistent cognitive and emotional difficulties in this population, to document the range of treatments they received, and to explore biological characteristics in these individuals through structural and functional imaging.
Beginning with Rutter's (1970) pioneering study, most longitudinal studies have identified a minority of their sample who no longer met criteria for an ASD at follow-up, although the general assumption (explicit or implicit) has been that this outcome is anomalous or reflects initial misdiagnosis. Rutter reported that 1.5% of adults were functioning normally, although Sigman et al., almost 30 years later (1999) , reported that 17% had lost their ASD diagnosis. Such an outcome is more likely in individuals with high IQs (Howlin, Goode, Hutton, & Rutter, 2004; Szatmari, Bartolucci, & Bremner, 1989) or an initial diagnosis of Asperger's disorder (Cederlund, Hagberg, Billstedt, Gillberg, & Gillberg, 2008) . Reviewing long-term outcomes, Helt et al. (2008) concluded that between 3% and 25% of individuals with ASD eventually lost their diagnosis, although very few of the studies reporting these outcomes explicitly addressed the question of whether their social and communication abilities were fully typical. Helt et al. also concluded that early predictors of better outcomes included higher IQ, receptive language, imitation, and motor skills, earlier diagnosis and treatment, and a diagnosis of PDD-NOS rather than Autistic Disorder. Lovaas (1987) introduced the idea of 'best outcome' or 'recovery' from autism. He reported that 47% of his cohort receiving intensive behavioral intervention were mainstreamed in first grade and had IQs in the normal range. Although some subsequent studies confirmed Lovaas' results (Howard, Sparkman, Cohen, Green, & Stanislaw, 2005; Sallows & Graupner, 2005) , others reported fewer individuals with 'optimal' or 'best' outcomes (e.g., Cohen, Amerine-Dickens, & Smith, 2006; Eikeseth, Smith, Jahr, & Eldevik, 2007) . In response to Lovaas' claims, Mundy (1993) pointed out that normal IQ and functioning in regular education is possible in high-functioning autism and does not by itself constitute 'recovery'. He also noted that even if an individual no longer meets criteria for ASD, he or she might manifest traits reflecting persistent core features of ASD, comorbidities, or nonautism problems requiring intervention. We agree with Mundy that normal IQ and mainstream classroom placement are insufficient for a claim of 'optimal outcome', and that absence of autism symptoms must also be documented. In our definition of 'optimal outcome', we require that the individual be without any significant autism symptoms and function within the normal intellectual range; however, other difficulties, such as weaknesses in executive functioning or vulnerability to anxiety and depression may still exist.
In addition to the difficulties Mundy described (1993), including depression, odd thinking and poor executive functions, attention problems are also likely to persist. Fein, Dixon, Paul, and Levin (2005) and Zappella (1999) reported on children with clear ASD who had lost their ASD symptoms, but showed diagnosable ADHD. Kelley, Fein, and Naigles (2006) reasoned that persistent difficulties might also appear in language, as it is a core deficit in ASD. They examined 5-to-9-year-old children with a history of ASD, who no longer showed significant autism symptoms, compared to a group of typical children, matched on age, sex, and vocabulary. No significant differences were found on any standardized language tests, but the OO group was poorer on verbal theory of mind tasks, on understanding mental state verbs, and on constructing narratives. These findings supported the overall excellent language functioning of the OO group, but suggested subtle residual pragmatic and semantic language deficits. In a follow-up study, Kelley, Naigles, and Fein (2010) examined a sample largely comprised of these same OO children, ages 8-13 years, who were found to be comparable to the TD group on all language measures and showed psychiatric vulnerability only in attention.
While these studies documented lack of current ASD symptoms, they could not address the issue of possible misdiagnosis in early childhood. Sutera et al. (2007) followed a group of 73 children from initial diagnosis around age 2 to a follow-up around age 4; 18% no longer showed signs of autism on follow-up. The group who lost the diagnosis had initially higher cognitive and especially motor functioning, and higher frequency of PDD-NOS as the initial diagnosis. Turner and Stone (2007) followed 48 children diagnosed at age 2 to follow-up at age 4. The 37% of children who lost the diagnosis had milder social symptoms, higher cognitive functioning, and were younger at initial diagnosis, but tended to have persisting language problems. Another study addressing the question of initial (mis)diagnosis was Mraz, Dixon, Dumont-Mathieu, and Fein (2009) , who examined head circumference growth in children with persistent ASD versus those with OO. They reasoned that if the OO group was misdiagnosed and did not truly have autism, or constituted a distinct biological subtype, they would not show the accelerated head circumference growth previously reported for ASD (Courchesne et al., 2001) . In fact, the results showed accelerated head growth in both ASD and OO groups compared to both national norms and local controls, confirming that the OO group showed an early biomarker characteristic of autism.
Several tentative conclusions thus seem warranted based on prior research: (a) losing the ASD diagnosis is a possibility for a minority of children and, at least for some children, is not due to misdiagnosis; (b) 'optimal outcome' is associated with higher cognitive functioning and somewhat milder initial symptoms; (c) residual difficulties with language, attention, executive or emotional functioning may persist and need to be characterized. Definitively documenting the existence and characteristics of individuals who lose the diagnosis of autism has important implications for understanding the neurobiology of autism, the impact of intervention on functioning, and the mechanisms underlying improvement. Structural and functional imaging of this group may shed light on whether brain anatomy and function have normalized, or whether normal behavior has been achieved through compensatory mechanisms. The current project aims to document a group of such OO individuals, explore possible persistent weaknesses in areas central to ASD, characterize the range of treatments they received, and look for biological characteristics through structural and functional MRI.
The purpose of this paper is to describe the methods of the study and the basic characteristics of the OO children, and to determine whether residual weaknesses exist in major domains of functioning in the OO group.
Method
Participants Thirty-four individuals with a history of ASD and OO, 44 high-functioning individuals with a current ASD diagnosis (HFA), and 34 typically developing peers (TD) were tested. Participants ranged from 8 years, 1 month to 21 years, 8 months. The groups were matched on age, gender, and nonverbal IQ (NVIQ), but were significantly different on verbal IQ (VIQ), with the OO and TD groups having a VIQ about seven points higher than the HFA group (See Table 1 ). Six HFA participants and three OO participants were evaluated at Queens University in Kingston, Ontario, Canada. Their performance did not significantly differ from the other participants on any measure. The participants tested at UConn were primarily from the northeast US. Participants were predominantly Caucasian, with three OO individuals, two HFA individuals, and three TD individuals reporting other races or ethnicities. The study was approved by the Institutional Review Boards of the University of Connecticut, the Institute of Living Hartford Hospital, Children's Hospital of Philadelphia, and Queens University.
Phone screenings based on study criteria were conducted with parents of each potential participant. The screening included information about demographics, exclusions for MRI (e.g., metal in body, braces, claustrophobia), previous head injury, other health problems, previous psychiatric and neurological diagnoses, medications, current and past seizures, hearing impairment, current social difficulties, and current friendships with typical peers. See Figure 1 for a flow chart of inclusion and exclusion. Recruitment was done through media outlets (newspaper stories, radio interviews), private practices, and clinic referrals. In some cases, therapists contacted parents of children known to have OOs, and in some cases, parents saw media reports and contacted the investigators.
Inclusion criteria All participants had verbal, nonverbal, and full-scale IQ standard scores greater than 77 (within 1.5 SD of the average of 100). Additional OO criteria were:
1. Participants had a documented ASD diagnosis made by a physician or psychologist specializing in autism before the age of 5, verified in a written diagnostic report provided by parents. Early language delay (no words by 18 months or no phrases by 24 months) documented in the report was required. As a second step in confirming diagnosis, the report was edited to remove information about diagnosis, summary, and recommendations, but leaving descriptions of behavior. One of the co-investigators (MB), an expert in diagnosis of ASD and Director of the University of Connecticut Psychological Services Clinic, reviewed these reports, blind to early diagnosis and current group membership. In addition to potential OO participants, she reviewed 24 'foil' reports for children with non-ASD diagnoses, such as global delay or language disorder. Four potential OO participants were rejected for insufficient early documentation, and were dropped from the study. All 24 foils were correctly rejected. 2. On the phone screening, parent had to report that the participant had typically developing friends. During evaluation, participants could not currently meet criteria for any ASD according to the Autism Diagnostic Observation Schedule (ADOS; Lord et al., 2000) administered by a research-reliable interviewer. In addition, the ADOS videotapes of all potential OO cases were reviewed by a clinician with more than 15 years of autism diagnostic experience (IME, MB, or DF) who confirmed that ADOS scores were below ASD thresholds and that in their expert clinical judgment, an ASD was not present. To confirm that ASD was not present by clinical judgment, the ADOS scores were reviewed, and any possible DSM-IV symptom suggested by an elevated ADOS item was considered. Most of these concerns were in the area of nonverbal communication (indexed by ADOS items on eye contact, gesture, and facial expressiveness). Seven of the 34 OO participants were clinically judged to have some impairment (although not marked) in nonverbal social interaction, either in facial expressiveness, gesture, or eye contact; these difficulties were judged to be secondary to inhibition, anxiety, depression, inattention and impulsivity, embarrassment, or hostility, and not to have an autistic quality. Five potential OO participants were judged to have social impairments with an autistic quality and were excluded from the OO group (see Figure 1 and ADOS results, below). 3. Participants' scores on the Communication and Socialization domains of the Vineland (see below) had to be greater than 77 (within 1.5 standard deviations of the mean of 100) (see Table 4 ). 4. Participants had to be fully included in regular education classrooms with no one-on-one assistance and no special education services to address autism deficits (e.g., no social skills training). However, participants could be receiving limited special education services or psychological support to address impairments not specific to ASDs, such as attention or academic difficulties.
For the HFA group:
1. Following Collaborative Programs of Excellence in Autism diagnostic guidelines (Luyster et al., 2005) , participants had to meet criteria for ASD on the ADOS (both Social and Communication domains and total score) and according to best estimate clinical judgment.
For the TD group:
1. Participants could not meet criteria for any ASD at any point in their development, by parent report.
2. Participants could not have a first-degree relative with an ASD diagnosis. 3. Participants could not meet current diagnostic criteria for an ASD on the ADOS, or by clinical judgment (see Table 1 ). There was no attempt to exclude TD children for other learning or psychiatric disorders (but see general exclusion criteria). 4. Scores on the Communication and Socialization domains of the Vineland had to be greater than 77 (see Table 4 ).
Exclusion criteria Potential participants for any group
were excluded from the study if (a) at the time of the telephone screening they exhibited symptoms of major psychopathology (e.g., active psychotic disorder) that would impede full participation, (b) they had severe visual or hearing impairments, or (c) they had a seizure disorder, Fragile X syndrome, or significant head trauma with loss of consciousness. Two in the TD group and two in the HFA group were excluded because of possible seizure disorder; none were excluded for other reasons (see Figure 1 ).
Procedure
Potential participants who passed the telephone screening were scheduled for an assessment. For participants under 18, parent consent and child assent was obtained prior to testing. For participants 18 and over, their informed consent was obtained. The evaluation was administered in a quiet room over the course of two or three testing sessions at the University of Connecticut, the Institute of Living of Hartford Hospital, Queens University, or in the home. Testing lasted approximately 6 hr. In most cases, parent interviews were conducted concurrently by a second examiner and lasted approximately 3 hr for the OO and HFA groups and 1.5 hr for the TD group. Participants received a monetary incentive for participation, even if the testing could not be completed. 
Measures
Results from tests of executive function, academics, psychiatric functioning, verbal memory, inferential language, history, as well as structural and functional imaging will be reported separately; the purpose of this paper is to document the overall functioning of the group of OO individuals, and to investigate specific residual difficulties that might be expected in major domains, including social cognition (measured by face recognition), language (measured by a composite language battery), and social interaction (measured by socialization and communication on the ADOS and the Vineland).
Autism Diagnostic Observation Schedule (ADOS; Lord et al., 2000) . Module 3 or 4 (depending on age)
was used to determine current diagnostic status for the OO and HFA groups, to rule out autistic features in the TD group, and to compare social interaction in the OO and TD groups. Administrations were videotaped and five administrations per group were coded by a rater blind to group status. Interrater reliability was coded based on the method of the test authors and was high for both the algorithm and total items, at 86.7% and 85.7%.
Autism Diagnostic Interview-Revised (ADI-R; Lord, Rutter, & Le Couteur, 1994) . The ADI-R is a structured parent interview based on the DSM-IV criteria for Autistic Disorder, was administered to parents in OO and HFA groups. The 'ever' or 'most abnormal age 4-5' part of the ADI-R was used as a general measure of the severity of early autism. The ADI-R was not used to verify early ASD retrospectively because, although some items ask for whether a symptom was 'ever' observed, many items ask specifically about the 4-5 year age period, by which time the autism symptoms of some of the OO children had already improved. In addition, it has cutoffs for Autistic Disorder, but not for ASD. Current diagnoses for the HFA and OO groups were based on the ADOS, as outlined above.
Social Communication Questionnaire (SCQ; Berument, Rutter, Lord, Pickles, & Bailey, 1999) . The SCQ is a 40-item parent questionnaire based on the ADI-R. The 'lifetime' score was used to screen out TD children with a history of possible autism, and to compare the overall severity of lifetime autism in the HFA and OO groups. The lifetime score is based on three items concerning present functioning, 16 items based on 'ever' displaying specific symptoms, and 21 symptoms based on the 4-to-5-year-old age period.
Wechsler Abbreviated Scale of Intelligence (WASI; Wechsler, 1999) . Verbal and nonverbal IQ were measured using the WASI, which has two verbal (Vocabulary and Similarities) and two nonverbal (Block Design and Matrices) subtests.
Vineland Adaptive Behavior Scales (VABS; Sparrow, Balla, & Cicchetti, 1985 
Participants with a score of ±70 or greater were categorized as right-or left-handed; a quotient of less than ±70 was considered 'mixed.' For categorical variables (sex, handedness), groups were compared with chi-square. For continuous variables, one-way ANOVAs were used. For significant ANOVAs, when Levene's test for homogeneity of variances was found to be violated, the Games-Howell post hoc test was used; in other cases, the Tukey HSD post hoc test was used.
Results
Sex, age, and NVIQ did not differ among groups (see Table 1 ). VIQ was significantly lower in the HFA group than in the OO and TD group (see Table 1 ) and was therefore covaried in further analyses of language measures.
ADOS
As required by inclusion criteria, ADOS scores for the HFA group were above threshold for the Communication, Socialization, and total scores. As expected, the HFA scores were significantly higher than the other groups' scores, with a large effect size; no domain or total score differed between the TD and OO groups (see Table 1 ).
No child in the OO or TD group met criteria for ASD and if any child's social interaction was clinically judged to have an autistic quality, they were excluded (see Figure 1 and Methods, above). Minor elevations in Communication or Socialization for individual OO and TD children were generally due to anxiety or shyness, resulting in less eye contact or less outgoing conversation. Specifically, seven OO individuals were judged to show mild, nonautistic social impairment secondary to anxiety, depression, inhibition, embarrassment, hostility, or inattention/ impulsivity. Twenty-one TD, 20 OO, and no HFA individuals had all zero's (most typical functioning) on the ADOS Communication algorithm items; 22 TD, 16 OO, and no HFA individuals had all zeros on ADOS Social algorithm items (chi-squares for TD-OO nonsignificant).
ADI-R lifetime scores
Socialization scores were significantly less impaired for OO than for HFA group, with a large effect size (as shown in Table 2 ). Communication and Repetitive Behaviors did not differ between HFA and OO. Table 3 , parent report confirmed that the lifetime severity of autism symptoms for the OO group was somewhat milder than that of the HFA group; the ranges are largely overlapping, but the mean is significantly lower for the OO group, with a large effect size. Both clinical groups, as expected, had significantly higher scores than the TD group. Table 4 ) did not differ in any of the three domains between the TD and OO groups. Socialization scores were virtually identical in OO and TD groups and Communication was slightly (nonsignificantly) higher in the OO group. Adaptive functioning was mildly delayed for the HFA group, and significantly below the other groups; this is not surprising, as the HFA scores, but not those of OO and TD groups, were allowed to range below normal, and because adaptive skills are often lower in individuals with ASD than would be suggested by their cognitive abilities (Eaves & Ho, 2008; Saulnier & Klin, 2007) . For the HFA group, where cognitive scores were within the average range, 11/40 (28%) were low on Communication and 22/40 (55%) were low on Socialization. For Daily Living scores, which were allowed to freely vary for all groups, 14/40 (35%) of the HFA group had low scores, whereas 5/ 33 (15%) of the OO group and 4/34 (12%) of the TD group had low scores. Table 5 , each individual's score on the Benton was transformed to a z-score for age. The HFA group mean was about half a standard deviation below average, whereas mean scores of the OO and TD groups were around 0 and did not differ. The bottom of the range was low for both OO and HFA groups; three of the OO group (9%), 11 of the HFA group (26%), and none of the TD group scored at or below )1.5. HFA, high-functioning autism; OO, optimal outcome; TD, typical development. HFA, high-functioning autism; OO, optimal outcome; TD, typical development.
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CELF language Scores (Table 6) were within the average range for all participants in all groups. Overall ANOVA was significant for all scores (except a trend for Concepts and Following Directions); the only significant post hoc pairwise difference was between the HFA and TD groups for most of the subtests. On Formulated Sentences and the Composite Score, the OO-TD group difference reached significance, but the OO scores were above average for all subtests and for the composite; thus the group Table 5 Benton facial recognition test scores for three comparison study groups. HFA, high-functioning autism; OO, optimal outcome; TD, typical development. Table 6 Comprehensive evaluation of language fundamentals, 4th edition (CELF-IV). Table reports means, followed by SDs and ranges. All subtest scores are scaled scores with a mean of 10 and SD of 3. The CELF-IV Core Language Composite is a standard score with a mean of 100 and SD of 15. Numbers of participants, n, are as noted at the top of the HFA, high-functioning autism; OO, optimal outcome; TD, typical development. Table 7 Edinburgh Handedness Inventory scores for the three comparison study groups. Table reports means, followed by SDs and ranges. The Edinburgh Handedness Questionnaire's laterality quotient ranges from )100 to +100, with )100 indicating that the individual always uses his or her left hand, while +100 indicates the individual always uses his or her right hand. HFA, high-functioning autism; OO, optimal outcome; TD, typical development.
doi:10.1111/jcpp.12037 Optimal outcome in individuals with a history of autism difference was due to the very high scores of the TD group. The findings remained significant when VIQ was covaried.
Handedness As shown in Table 7 , the proportion of left-handers and the laterality index did not differ among groups.
Discussion
Thirty-four OO participants had a clear documented history of ASD, yet no longer met criteria for an ASD as per the ADOS and clinical judgment. Sex, age, nonverbal IQ, and handedness did not differ among the three groups. VIQ was 7 points lower in the HFA group than in the TD and OO groups, which were virtually identical and in the high average range. OO Communication and Socialization ADOS scores did not differ from the TD scores, although seven OO participants were judged to have social functioning mildly affected by nonautism conditions, such as anxiety, depression, or impulsivity. The number of OO and TD subjects who showed total social and communication ADOS algorithm scores above zero were not significantly different. A full exploration of psychiatric functioning in all three groups will be reported separately. By early history, the OO group had somewhat milder social symptoms than the HFA group, but did not differ in communication or repetitive behavior symptoms. Adaptive behaviors were in the average range on all scales and virtually identical for the OO and TD groups. Scores above 77 on Communication and Socialization, but not Daily Living scales were required for OO and TD groups and this restricted the range of allowable scores; nevertheless, Daily Living could vary freely, and the allowable range above 77 on Communication and Socialization would still permit an OO-TD difference to emerge if it had existed.
Facial Recognition score was average for the OO group and not significantly different from the TD group, whereas the HFA group's average score was below average. Language subtests showed average performance on all subtests for all groups, and the OO scores were above average, although lower than the TD group on one subtest and the composite.
The results clearly demonstrate the existence of a group of individuals with an early history of ASD, who no longer meet criteria for any ASD, and whose communication and socialization skills, as measured by Vineland parent report and ADOS scores, are on par with that of TD individuals matched for IQ, sex, and age. A small group of OO individuals (3 of 34) had some weakness on a difficult face recognition test. Because 7% of the normal population would be expected to fall at or below 1.5 standard deviations, the 9% low scores obtained in the current OO group is not beyond what would be expected by chance. However, the 26% low scores obtained in the HFA group indicates a significant impairment.
The fact that impairments on facial recognition, socialization, communication, and formal language tests were not found does not necessarily mean that subtle residual deficits do not exist in the OO group. An extensive battery of tests of cognitive ability, language, academics, and executive function are being examined for possible weaknesses in the OO group. Although ADOS and Vineland scores revealed no differences between the OO and TD groups on social functioning, more fine-grained coding of social behavior might detect residual awkwardness not captured by ADOS coding; we are exploring this possibility. To conclusively demonstrate normal social functioning, peer interaction and quality of friendships would also have to be shown to be typical, using ecologically valid observation measures.
The ADI-R and SCQ-Lifetime results suggest that the OO group had somewhat milder autism in early childhood. This is consistent with the findings of Sutera et al. (2007) and Turner and Stone (2007) . However, to the extent that parent recollections of up to 15 years can be relied on, the milder presentation applied to social, but not to communication and repetitive behaviors. Contrary to some findings suggesting that repetitive behaviors early in life may presage a poorer outcome (e.g., Watt, Wetherby, Barber, & Morgan, 2008) and that repetitive behaviors are less likely to improve than socialization and communication (Fountain, Winter, & Beaerman, 2012; Piven et al., 1996; Seltzer, Shattuck, Abbeduto, & Greenberg, 2004) , the current data suggest that repetitive behaviors in early childhood do not seem to preclude an OO. It is possible that parent recollection may have been colored by the participant's outcome.
Another unexpected finding was that the OO group had mean IQs in the high average range, since they were only selected for having IQs above 77. It is possible that above average cognition allowed individuals with ASD to compensate for some of their deficits, using explicit and controlled processing to substitute for weak implicit social processing. It is also possible that families with higher IQ children volunteered for the study at higher rates.
A general point that should be noted is that by defining the OO group as having scores within the normal range on specific cognitive and adaptive measures, we reduced the likelihood of finding OO-TD differences. Allowing scores to range more freely would allow more exploration of residual differences from normal functioning, but would result in a less 'optimal' group of OO individuals. In addition, other scores in multiple domains were allowed to range freely, permitting exploration of at least some possible residual difficulties.
This study cannot address several important questions about OO in ASD. How many children with ASD have the capacity to achieve these outcomes? Sutera et al.'s (2007) prospective study concluded that about 18% of the children diagnosed at age 2 and receiving (mostly behavioral) intervention had lost the diagnosis by age 4. A definitive answer would require a prospective study with follow-up over a number of years. Although the ideal study has not been done, a review of outcome studies (Helt et al., 2008) concluded that between 3 and 25% of most cohorts appear to lose the diagnosis; the percent who would have reached this outcome without intervention remains unknown.
Another crucial question is what intervention can produce the highest rate of OO, and whether intervention is even always necessary. The children in the current study were predominantly from the northeast US, and therefore tended to get behavioral interventions, although children from other parts of the US and from Canada were also included. Intervention data have been collected and are being examined.
A pressing theoretical question is to what extent brain structure and function have normalized in the OO children. It is possible that effective early intervention plus maturation have resulted in the normalization of pathways and functions or even anatomical structure. Dawson et al. (2012) were able to show EEG evidence of normalization of cortical activation in response to faces versus objects in children receiving Early Start Denver Model intervention for 2 years in early childhood, supporting this possibility. Alternatively, successful intervention may have resulted in compensatory functions, such that overt behavior is normal, but atypical pathways or levels of activation are needed to achieve these behavioral results, as has been shown, for example, in dyslexia by Eden et al. (2004) . Structural and functional MRI data were obtained from a subset of each group in the present study and are being analyzed.
Limitations in the current study included lack of diversity among the participating families. Recruitment strategies, as well as conducting the study in Connecticut, which is more heavily Caucasian than the US in general, may have resulted in these demographics. It is also possible that OO is rarer in children from minority or lower SES families because of less optimal interventions or resources or the presence of other family stresses (Fountain et al., 2012) . It was the clinical impression of our team that the OO parents were generally highly involved in the children's treatment programs and in their social lives. Parents who advocate vigorously for the best interventions and who carry over treatments into other hours of the day do not guarantee the kind of OO we describe here, but may maximize the chance of one. Whether OO is more likely for children whose families have fewer social stresses and more resources can only be answered by an epidemiological-scale, prospective study.
Even if the child's inherent characteristics limit the cognitive and social progress that can be made, fulfilling his or her own potential can be considered a good outcome, and is made more likely by involved parents and quality treatment. It should also be pointed out that our definition of 'optimal outcome' included losing the ASD diagnosis AND functioning within the normal cognitive range. There is an additional group of children who lose the diagnosis, but still have significant intellectual or language disability (see for example Turner & Stone, 2007, and Sutera et al., 2007) and this is certainly another kind of good outcome for these children.
The purpose of the current study was primarily to demonstrate the existence of a cohort who had clear autism at a young age and no longer demonstrated any significant autistic impairments. The data clearly support the existence of this group. The possible presence of subtle limitations or differences in social behavior, social cognition, communication, or executive functions remain to be elucidated in further analyses, as do many other crucial questions, such as the biology of remediable autism, the course of improvement, and the necessary and sufficient conditions, including treatment, for such improvement.
